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EODQNHW SHDW FRXOG FRPH XQGHU LQWHQVLYH XVH EXW LQ RUGHU WR FRQVWUDLQ WKH156 
UDQJHRIVFHQDULRVWKDWZHH[DPLQHGLQRXUVWXG\EHORZZHKDYHIRFXVHGRQ157 
LQWHQVLILFDWLRQRIDUHDVDOUHDG\GUDLQHGJUD]HGDQGEXUQHG,W LVLPSRUWDQWWR158 
XQGHUVWDQG KRZ VXFK PDQDJHPHQW FKDQJH PD\ LPSDFW SHDWODQG HURVLRQ159 
UDWHV LQFRPSDULVRQZLWK%$8 ODQGPDQDJHPHQWDQGFOLPDWHFKDQJH*LYHQ160 
WKH LPSDFWRIZLOGILUHRQSHDWHURVLRQDQG LWV UHODWLRQVKLSZLWKHQYLURQPHQWDO161 
FRQGLWLRQVLWLVDOVRLPSRUWDQWWRXQGHUVWDQGWKHLQWHUDFWLRQVEHWZHHQSRVVLEOH162 
IXWXUHODQGPDQDJHPHQWFOLPDWHFKDQJHDQGZLOGILUHVVRWKDWODQGPDQDJHUV163 
FDQ EHWWHU XQGHUVWDQG WKH LPSOLFDWLRQV RI PDQDJHPHQW RSWLRQV DQG IXWXUH164 
FOLPDWH 165 
 166 
,Q RUGHU WR XQGHUVWDQG WKH UHODWLYH UROHV RI FOLPDWH FKDQJH DQG ODQG167 
PDQDJHPHQW LQ RYHUDOO UHJLRQDO DQG VSDWLDO SDWWHUQV RI SHDW HURVLRQ LW LV168 
DGYLVDEOH WR PRGHO WKH HIIHFWV DQG WHVW GLIIHUHQW VFHQDULRV RI IXWXUH FKDQJH169 
DJDLQVW RQH DQRWKHU $ UHFHQWO\ GHYHORSHG IOXYLDO HURVLRQ PRGHO IRU EODQNHW170 
SHDWODQGV3(6(5$-3($7 /LHWDO DERIIHUVDQRSSRUWXQLW\ WR IXOILOO171 
WKH DERYH QHHGV 3(6(5$-3($7 ZDV GHYHORSHG WKURXJK PRGLI\LQJ DQ172 
H[LVWLQJIOXYLDOHURVLRQPRGHO3(6(5$-*5,'.LUNE\HWDOWRH[SOLFLWO\173 
DFFRXQW IRU IUHH]H-WKDZDQGGHVLFFDWLRQSURFHVVHVDQGDOVR IRU W\SLFDO ODQG174 
PDQDJHPHQW SUDFWLFHV LQ EODQNHW SHDWODQGV 7KH DGYDQWDJH RI 3(6(5$-175 
3($7FRPSDUHGWRRWKHUH[LVWLQJHURVLRQPRGHOVVXFKDV86/(DQG&$(6$5176 
  ? 
:LVFKPHLHUDQG6LPWK&RXOWKDUGHWDO LVWKDW LWFRQVLGHUVIRU177 
WKH ILUVW WLPH IUHH]H-WKDZDQGGHVLFFDWLRQDVGRPLQDQW VHGLPHQWSURGXFWLRQ178 
PHFKDQLVPV LQ SHDWODQGV 3(6(5$-3($7 DOVR KDV WKH SRWHQWLDO WR179 
LQFRUSRUDWH WKH RFFXUUHQFH RI ZLOGILUHV DQG WKHLU LQIOXHQFHV RQ HURVLRQ180 
SURFHVVHV DV WKH RULJLQDO 3(6(5$ PRGHO KDG DOUHDG\ EHHQ VXFFHVVIXOO\181 
DGDSWHGWRGRVR(VWHYHVHWDO 182 
 183 
3(6(5$-3($7 ZDV SUHYLRXVO\ DSSOLHG RQ SDUWLFXODU SRLQWV DFURVV *UHDW184 
%ULWDLQ WR SUHGLFW WKH UHVSRQVH RI EODQNHW SHDW HURVLRQ WR HQYLURQPHQWDO185 
FKDQJH/LHWDOD,QWKDWVWXG\EODQNHWSHDWODQGVLQGLIIHUHQWUHJLRQVRI186 
*UHDW%ULWDLQZHUHUHSUHVHQWHGE\LQGLYLGXDOSRLQWVDQGWKHVSDWLDOYDULDELOLW\187 
RI HQYLURQPHQWDO FRQGLWLRQV DQG SHDW HURVLRQ UDWHV ZLWKLQ HDFK UHJLRQ188 
UHSUHVHQWHG E\ WKDW SRLQW ZDV QRW FRQVLGHUHG 7KHUH KDYH EHHQ QR VWXGLHV189 
WKDW KDYH H[DPLQHG WKH VSDWLDO YDULDELOLW\ RI EODQNHW SHDW HURVLRQ XQGHU190 
HQYLURQPHQWDOFKDQJHZLWKLQDQ LQGLYLGXDO UHJLRQ6XFKDQDVVHVVPHQWPD\191 
EHXVHIXO IRUSODQQLQJSXUSRVHVVR WKDWPRUHVSDWLDOO\-WDUJHWHGFRQVHUYDWLRQ192 
DQG SHDW SURWHFWLRQ PHDVXUHV HJ GDPV DQG UHYHJHWDWLRQ FDQ EH193 
LPSOHPHQWHGE\ODQGPDQDJHUVWRHQVXUHHIILFLHQWXVHRIOLPLWHGUHVRXUFHVWR194 
SURWHFWSHDWODQGV 195 
 196 
+HUHZHXVHG3(6(5$-3($7WR LQYHVWLJDWHIOXYLDOHURVLRQUDWHVDQGZLOGILUH197 
VHYHULW\ LQ  NP RI EODQNHW SHDWODQGV LQ QRUWKHUQ (QJODQG :H XVHG198 
  ? ? 
GRZQVFDOHG VSDWLDOO\-GLVWULEXWHG FOLPDWH FKDQJH IRUHFDVWV DQG VSDWLDOO\-199 
GLVWULEXWHG ODQG-PDQDJHPHQW VFHQDULRV WR LQYHVWLJDWH VSDWLDO SDWWHUQV RI200 
HURVLRQ UDWHV DQG ZLOGILUH VHYHULW\ DFURVV WKH UHJLRQ WR GHWHUPLQH ZKHWKHU201 
WKHUH ZHUH DQ\ GLVWLQFW VSDWLDO SDWWHUQV GULYHQ E\ WKHVH IXWXUH VFHQDULRV202 
(URVLRQ UDWHV DQG ZLOGILUH VHYHULW\ ZHUH FRPSDUHG WR WKRVH SUHGLFWHG XQGHU203 
EDVHOLQHFOLPDWHDQG%$8ODQGPDQDJHPHQWWRXQGHUVWDQGWKHUHODWLYHUROHV204 
RIWKHGLIIHUHQWGULYHUVRIFKDQJH 205 
2 Study site 206 
7KH1RUWK3HQQLQHV)LJXUHIRUPWKHQRUWKHUQPRVWVHFWLRQRIWKH3HQQLQH207 
UDQJHRIKLOOVZKLFK UXQVQRUWK-VRXWK WKURXJKQRUWKHUQ(QJODQGFRYHULQJDQ208 
DUHD RI DSSUR[LPDWHO\  NP %ODQNHW SHDWODQGV ZLWK DQ RUJDQLF209 
FRQWHQW !   DQG GHSWK !  FP FRYHU  RI WKH 1RUWK 3HQQLQHV210 
HTXDWLQJWRNPVKDGHGDUHDVVKRZQLQ)LJXUHDEDQGF7KHDOWLWXGH211 
RI WKH EODQNHW SHDW LQ WKH 1RUWK 3HQQLQHV UDQJHV EHWZHHQ  DQG  P212 
)LJXUH F 0HDQ DQQXDO SUHFLSLWDWLRQ DQG WHPSHUDWXUH EHWZHHQ  DQG213 
 ZDV  PP DQG   ?& 7KH PDMRULW\ DURXQG  RI WKH EODQNHW214 
SHDWODQGVDUHFRYHUHGE\ZKDWLVFODVVLILHGE\WKH8./DQGFRYHU0DS215 
DVJUDVVODQGDQGVFUXE)LJXUHD0DQDJHGEXUQLQJJUD]LQJOLJKWJUD]LQJ216 
RYHUJUD]LQJDQGDUWLILFLDOGUDLQDJHDUHZLGHVSUHDG )LJXUHE6HYHUHSHDW217 
HURVLRQLQWKH3HQQLQHVKDVEHHQDIHDWXUHRIWKHODVW\HDUVHJ%RZHU218 
 /RQJGHQ  :LOGILUHV RFFXU LQ WKH 1RUWK 3HQQLQHV GXULQJ GU\219 
SHULRGV 0F0RUURZ  WULJJHULQJ RU H[DFHUEDWLQJ WKH UDWH DQG H[WHQW RI220 
  ? ? 
EODQNHWSHDWHURVLRQ7KHUHKDYHEHHQQXPHURXVSUHYLRXVVWXGLHVFRQGXFWHG221 
RQ WKH HURVLRQ UDWHV DQG PHFKDQLVPV LQ WKH 1RUWK 3HQQLQHV EODQNHW222 
SHDWODQGV HJ +ROGHQ DQG %XUW  :DUEXUWRQ  (YDQV DQG223 
:DUEXUWRQ  (YDQV HW DO  *UD\VRQ HW DO  0RVW RI WKHVH224 
VWXGLHV IRFXVHG RQ VPDOO FDWFKPHQWV UDWKHU WKDQ WKH ZKROH RI WKH 1RUWK225 
3HQQLQHV DQG WKHUH KDYH EHHQ QR VWXGLHV SUHGLFWLQJ EODQNHW SHDW HURVLRQ226 
XQGHUIXWXUHHQYLURQPHQWDOFKDQJH 227 
3 Materials and methodology 228 
3.1 Model description 229 
7KH ILUVW IOXYLDO HURVLRQ PRGHO IRU EODQNHW SHDWODQGV 3(6(5$-3($7 KDV230 
UHFHQWO\ EHHQ GHYHORSHG /L HW DO D E RIIHULQJ DQ RSSRUWXQLW\ WR231 
XQGHUWDNHLQYHVWLJDWLRQVRIKRZFOLPDWHFKDQJHPLJKWGULYHFKDQJHVLQIOXYLDO232 
EODQNHW SHDW HURVLRQ 3(6(5$-3($7 LV EDVHG XSRQ WKH JULG YHUVLRQ RI WKH233 
3DQ-(XURSHDQ6RLO(URVLRQ5LVN$VVHVVPHQWPRGHO3(6(5$-*5,'.LUNE\234 
HW DO  IRU ZKLFK VXEVWDQWLDO PRGLILFDWLRQV ZHUH PDGH WR HQVXUH LWV235 
VXLWDELOLW\IRUWKHEODQNHWSHDWODQGFDVH 236 
 237 
3(6(5$-*5,' LV D SK\VLFDOO\-EDVHG VSDWLDOO\ GLVWULEXWHG PRGHO HVWLPDWLQJ238 
VRLO HURVLRQ RQ D PRQWKO\ WLPH VWHS ,W KDV WKUHH PRGXOHV K\GURORJ\239 
YHJHWDWLRQJURZWKDQGHURVLRQ7KHK\GURORJLFDOSDUWRIWKHPRGHOLVFHQWHUHG240 
RQ D ZDWHU EDODQFH ZLWK SUHFLSLWDWLRQ GLYLGHG LQWR RYHUODQG IORZ241 
HYDSRWUDQVSLUDWLRQ DQG VRLO ZDWHU VWRUDJH ,W LV VXLWDEOH IRU PRGHOOLQJ UXQRII242 
  ? ? 
SURGXFWLRQ LQ EODQNHW SHDWODQGV DV WKH FRUH RI WKH K\GURORJLFDO SDUW LV243 
72302'(/ZKLFKZRUNVZHOOIRUVDWXUDWLRQ-H[FHVVRYHUODQGIORZGRPLQDWHG244 
VRLOV\VWHPV%HYHQHWDO7KHYHJHWDWLRQJURZWKPRGHOLVEDVHGRQD245 
ELRPDVVFDUERQEDODQFHWRXSGDWH WKHYHJHWDWLRQFRYHUYHJHWDWLRQELRPDVV246 
DQGVRLORUJDQLFPDWWHURQDPRQWKO\EDVLV7RWDOVHGLPHQW\LHOGLVHVWLPDWHG247 
DVWKHWUDQVSRUWLQJFDSDFLW\RIUXQRIIIORZGULYHQE\HURGLELOLW\RYHUODQGIORZ248 
DQG ORFDO UHOLHI ZHLJKWHG IRU IUDFWLRQDO YHJHWDWLRQ FRYHU DVVXPLQJ HURGLEOH249 
PDWHULDOVDUHDOZD\VDPSOHIRUUXQRIIZDVK7KHVHGLPHQW\LHOGLVLQWHUSUHWHG250 
DVWKHHURGLEOHPDWHULDOVSURGXFHGRQKLOOVORSHVDQGGHOLYHUHGWRWKHEDVHRI251 
HDFKKLOOVORSH 252 
 253 
,Q 3(6(5$-3($7 WKH K\GURORJ\ DQG YHJHWDWLRQ JURZWK PRGXOHV DUH WKH254 
VDPHDV WKRVHRI3(6(5$-*5,'+RZHYHU WKHVHGLPHQW\LHOG LQ3(6(5$-255 
3($7 LVGHSHQGHQWXSRQERWKVHGLPHQWSURGXFWLRQDQG WUDQVSRUW6HGLPHQW256 
SURGXFWLRQLVDUHVXOWRIZHDWKHULQJSURFHVVHVIUHH]H-WKDZDQGGHVLFFDWLRQ257 
ZKLFKDUH OLQNHGZLWK FOLPDWLF LH WHPSHUDWXUHDQGVRLOPRLVWXUHFRQGLWLRQV258 
WKURXJK D QRYHO VHGLPHQW VXSSO\ LQGH[ /L HW DO E 7KH WUDQVSRUWLQJ259 
FDSDFLW\ LVHVWLPDWHG LQ WKHVDPHZD\DV LQ3(6(5$-*5,'%RWKVHGLPHQW260 
VXSSO\ DQG WUDQVSRUW DUH FRQVLGHUHG WR EH LPSDFWHG E\ YHJHWDWLRQ FRYHU $261 
VWRUDJHFRPSRQHQWLVDOVRGHILQHGWRLQGLFDWHVXUSOXVHURGLEOHPDWHULDOVZKHQ262 
HURGLEOH PDWHULDOV H[FHHG WUDQVSRUWLQJ FDSDFLW\ 7KH VRLO HURGLELOLW\ LQ263 
3(6(5$-3($7 UHIHUV WR WKH VHQVLWLYLW\ RI ZHDWKHUHG SHDW WR HURVLRQ264 
  ? ? 
5HGXFHGYHJHWDWLRQDQGFKDQJHGVRLOPRLVWXUHFRQGLWLRQ UHVXOWLQJ IURP ODQG265 
PDQDJHPHQW LQWHUYHQWLRQV LQWHUDFW ZLWK WKH K\GURORJ\ YHJHWDWLRQ JURZWK266 
VHGLPHQWSURGXFWLRQDQGWUDQVSRUWSURFHVVHV$PRUHGHWDLOHGGHVFULSWLRQRI267 
3(6(5$-3($7LQFOXGLQJSDUDPHWHUL]DWLRQVDQGHTXDWLRQVFDQEHIRXQGLQ/L268 
HWDOE 269 
 270 
3(6(5$-3($7 FDQ EH LPSOHPHQWHG LQ WZR PRGHV HTXLOLEULXP DQG WLPH-271 
VHULHV /LHWDODE ,QHTXLOLEULXPPRGH WKHPRGHO LWHUDWHVVXIILFLHQW272 
WLPHV WRGHWHUPLQH WKHHTXLOLEULXPVWDWXVRIK\GURORJ\DQGHURVLRQ$YHUDJH273 
PRQWKO\ FOLPDWH GDWD RYHU WKH VWXG\ SHULRG DUH XVHG DV LQSXW YDOXHV274 
7KHUHIRUH PRGHOOLQJ RXWSXWV DUH DOVR DYHUDJH PRQWKO\ GDWD ,Q WLPH-VHULHV275 
PRGH WKH PRGHO UXQV RQO\ RQFH WKURXJK WKH ZKROH WLPH SHULRG &OLPDWLF276 
FRQGLWLRQV IRU HDFK PRQWK DUH UHTXLUHG RYHU WKH ZKROH VWXG\ SHULRG 7KH277 
RXWSXWVIURPWKHWLPH-VHULHVPRGHODUHFRQWLQXRXVPRQWKO\GDWDIRUWKHVWXG\278 
SHULRG 7KH DSSOLFDELOLW\ RI 3(6(5$-3($7 HTXLOLEULXP DQG WLPH-VHULHV279 
PRGHVIRUEODQNHWSHDWHURVLRQKDVSUHYLRXVO\EHHQGHPRQVWUDWHGZLWKORQJ-280 
WHUP PHDVXUHG VHGLPHQW IOX[ GDWD IURP VHYHUDO 8. EODQNHW SHDW-FRYHUHG281 
FDWFKPHQWV ZKLFK ZHUH VXEMHFW WR YDU\LQJ HURVLRQ FRQGLWLRQV DQG282 
PDQDJHPHQW LQWHQVLWLHV DQG VHQVLWLYLW\ DQDO\VLV EDVHG RQ FRQGLWLRQV RI D283 
W\SLFDO EODQNHW SHDW-FRYHUHG FDWFKPHQW LH 7URXW %HFN FDWFKPHQW LQ WKH284 
1RUWK 3HQQLQHV /L HW DO E ,Q WKLV SDSHU ZH XVHG WKH HTXLOLEULXP285 
YHUVLRQRI3(6(5$-3($7 WRH[DPLQH WKHVSDWLDOYDULDELOLW\RI IOXYLDOEODQNHW286 
  ? ? 
SHDWHURVLRQDFURVVWKHVWXG\UHJLRQJLYHQWKDWFRPSDUHGWRWKHWLPH-VHULHV287 
PRGHO WKH HTXLOLEULXP PRGHO LV HDVLHU WR DSSO\ RYHU D ODUJH VSDWLDO DUHD DW288 
KLJK UHVROXWLRQ DQG IRU ORQJ-WHUP SHULRGV EHFDXVH RI LWV VPDOOHU GDWD289 
UHTXLUHPHQWV 290 
 291 
,Q RUGHU WR HVWLPDWH WKH PRQWKO\ ZLOGILUH VHYHULW\ LQ WKLV SDSHU VLPSOLILHG292 
YHUVLRQVRI ILUHDOJRULWKPV (TXDWLRQGHYHORSHGDQG WHVWHG LQGHSHQGHQWO\293 
E\9HQHYVN\HWDOZHUHLQFRUSRUDWHGLQWR3(6(5$-3($7:HGLGQRW294 
PRGHO ILUH OLNHOLKRRG RFFXUUHQFH RI ZLOGILUH VR WKH ZLOGILUH VHYHULW\ KHUH295 
LQGLFDWHGWKHSRWHQWLDOVHYHULW\RIZLOGILUH3)6RQFHWKHILUHVWDUWHG 296 
	 ൌ 
ሺ ? ൅  ? ቆ ? െට ൗ ቇሻ(TXDWLRQ 297 
ZKHUH
UHSUHVHQWV WKHYHJHWDWLRQELRPDVV LQNJP-DQGDUH298 
DFWXDODQGSRWHQWLDOHYDSRWUDQVSLUDWLRQLQPP 299 
 300 
3.2 Preparation of input data for PESERA-PEAT 301 
3(6(5$-3($7 UHTXLUHV FOLPDWH ORFDO UHOLHI VRLO SURSHUWLHV ODQG XVH DQG302 
PDQDJHPHQW LQIRUPDWLRQ WRRSHUDWH ,Q WKLVVWXG\ ORFDO UHOLHIVRLOSURSHUWLHV303 
DQG ODQG XVH ZHUH FRQVLGHUHG VWDEOH ZKLOH FOLPDWH DQG ODQG PDQDJHPHQW304 
FKDQJHG LQ WKH IXWXUH )RXU WLPH SHULRGV RI FOLPDWH GDWD ZHUH FKRVHQ WR305 
FKDUDFWHUL]H IXWXUH FOLPDWH VKLIWV LQ WKH 1RUWK 3HQQLQHV 7KH\ DUH µFOLPDWLF306 
EDVHOLQH¶ µV¶ µV¶ DQG µV¶ FRYHULQJ -\HDU SHULRGV RI -307 
  ? ? 
 - - DQG - UHVSHFWLYHO\ &OLPDWLF EDVHOLQH308 
GDWD ZHUH SURYLGHG E\ WKH 8. 0HW 2IILFH ,QWHJUDWHG 'DWD $UFKLYH 6\VWHP309 
0,'$6 ZKLOH IXWXUH FOLPDWH SURMHFWLRQV V V DQG V ZHUH310 
GHULYHG IURP WKH RXWSXWV RI 8.&3 -HQNLQV HW DO  7KH FKRVHQ311 
SHULRGVDQGWKHLUQDPHVDUHFRQVLVWHQWZLWKWKRVHHPSOR\HGLQIXWXUHFOLPDWH312 
SURMHFWLRQVRI8.&3HQVXULQJFOLPDWHSURMHFWLRQGDWDFRXOGEHUHDGLO\XVHG313 
LQWKLVVWXG\3RVVLEOHODQGPDQDJHPHQWVKLIWVLQWKHIXWXUHZHUHHVWDEOLVKHG314 
WKURXJKTXDQWLI\LQJWKHQDUUDWLYHVFHQDULRVSURSRVHGE\5HHGHWDO 315 
 316 
3.2.1 Climate 317 
Baseline climate 318 
7KHHTXLOLEULXPYHUVLRQRI3(6(5$-3($7UHTXLUHVVL[FOLPDWHLQSXWVPRQWKO\319 
WRWDO SUHFLSLWDWLRQ 3 PHDQ SUHFLSLWDWLRQ SHU SUHFLSLWDWLRQ GD\ 3GD\320 
FRHIILFLHQWRI YDULDWLRQRISUHFLSLWDWLRQSHUSUHFLSLWDWLRQGD\ &9SGD\PRQWKO\321 
WHPSHUDWXUH UDQJH 7UDQJH PRQWKO\ WHPSHUDWXUH 7 DQG PRQWKO\ SRWHQWLDO322 
HYDSRWUDQVSLUDWLRQ 3(7 7KHUH ZHUH WKLUW\ WZR 0,'$6 VWDWLRQV ZLWK323 
SUHFLSLWDWLRQUHFRUGVEHWZHHQDQG$OORIWKHVHVWDWLRQV)LJXUHG324 
ZHUHFKRVHQWRSURGXFHDJULGGHGVXUIDFHRISUHFLSLWDWLRQGXULQJWKHFOLPDWLF325 
EDVHOLQH SHULRG 7ZHQW\ VHYHQ RI WKHP ZHUH VHOHFWHG IRU 3 DQG 3SGD\326 
LQWHUSRODWLRQ ZKLOH WKH RWKHU ILYH VWDWLRQV ZHUH XVHG IRU YDOLGDWLRQ RI WKH327 
LQWHUSRODWHG UHVXOWV 6WDWLRQV XVHG IRU WKH LQWHUSRODWLRQ DQG YDOLGDWLRQ ZHUH328 
GLVWULEXWHG DV HYHQO\ DV SRVVLEOH DFURVV WKH UHJLRQ UDWKHU WKDQ EHLQJ329 
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FRQFHQWUDWHGLQRQHSDUWRIWKHUHJLRQ3DQG3SGD\ZHUHLQWHUSRODWHGWKURXJK330 
OLQHDUUHJUHVVLRQVEDVHGRQSUHFLSLWDWLRQYDULDEOHVHOHYDWLRQDQGFRRUGLQDWHV331 
7KH &9SGD\ ZDV LQWHUSRODWHG ZLWK WKH ,QYHUVH 'LVWDQFH :HLJKWHG ,':332 
PHWKRG EHFDXVH QR JRRG UHODWLRQVKLS FRXOG EH IRXQG EHWZHHQ &9SGD\333 
HOHYDWLRQDQGFRRUGLQDWHVGXULQJZLQWHUPRQWKVRIERWKFOLPDWLFEDVHOLQHDQG334 
IXWXUH SHULRGV )RU 7 DQG 7UDQJH WKHUH ZHUH RQO\ HLJKW VWDWLRQV ZLWK UHFRUGV335 
)LJXUH G $OO HLJKW VWDWLRQV ZHUH XVHG WR LQWHUSRODWH WKH VSDWLDO EDVHOLQH336 
WHPSHUDWXUH GDWD WKURXJK D UHODWLRQVKLS EHWZHHQ WHPSHUDWXUH YDULDEOHV337 
HOHYDWLRQDQGFRRUGLQDWHVDVHOHYDWLRQDQGFRRUGLQDWHVZHUHSURYHGWREHWKH338 
GRPLQDQW IDFWRUV6RPHH[DPSOHHTXDWLRQVXVHG IRU WKH LQWHUSRODWLRQRI WKH339 
FOLPDWH YDULDEOHV GXULQJ WKH FOLPDWLF EDVHOLQH SHULRG DUH JLYHQ LQ 7DEOH 340 
3RWHQWLDO HYDSRWUDQVSLUDWLRQ 3(7 ZDV GHULYHG IURP D WHPSHUDWXUH-EDVHG341 
PRGHOoriginally proposed by Oudin et al. (2005). The model was modified to 342 
include wind speed and vegetation height, as used in the PET estimation by 343 
Clark (2005). 9DOLGDWLRQ RI WKH LQWHUSRODWHG UHVXOWVGHPRQVWUDWHG WKDW WKH 5344 
ZDVJHQHUDOO\RYHUDQG506($YHUDJHZDVQRPRUHWKDQ7DEOH345 
7KH 5 RI &9SGD\ ZDV  DQG ORZHU WKDQ WKRVH RI RWKHU SDUDPHWHUV346 
+RZHYHU D ORZ 506($YHUDJH  LQGLFDWHG WKDW WKH RYHUDOO GLIIHUHQFH LQ347 
WKH YDOXH RI WKH LQWHUSRODWHG DQG DFWXDO &9SGD\ ZDV VPDOO 2YHUDOO WKH348 
LQWHUSRODWHGUHVXOWVRIWKHFOLPDWHSDUDPHWHUVZHUHFRQVLGHUHGUREXVW 349 
 350 
  ? ? 
Future climate scenarios and their downscaling 351 
)XWXUHFOLPDWHFKDQJHZDVGHULYHG IURPPRGHO UHDOL]DWLRQVRIPHGLXP-352 
HPLVVLRQ FOLPDWH SURMHFWLRQV SURGXFHG E\ WKH 8.&3 ZHDWKHU JHQHUDWRU353 
ZKLFK FDQ SURGXFH GDLO\ FOLPDWH SURMHFWLRQV RYHU WKH VW &HQWXU\ ZLWK D354 
VSDWLDO UHVROXWLRQ RI  NP -HQNLQV HW DO  &OLPDWLF YDULDEOHV ZHUH355 
GHULYHGIURPYDOXHVRIFHQWUDOHVWLPDWHVSUREDELOLW\OHYHOIURP8.&3356 
IRUHDFKPRQWKWRHQVXUHZHFKRVHPRGHUDWHUDWKHUWKDQH[WUHPHFRQGLWLRQV357 
IRU HDFK YDULDEOH -HQNLQV HW DO  6XFK D VFHQDULR HVWDEOLVKPHQW358 
FDSWXUHGWKHOLNHO\FKDQJHRIHDFKYDULDEOHZLWKWLPHDWDPRQWKO\VFDOHDQG359 
ZDVVXLWHGWRH[WUDSRODWLRQRQWRJULGGHGVXUIDFHV 360 
 361 
7ZHOYHSRLQWV)LJXUHGGLVWULEXWHGRYHU WKH1RUWK3HQQLQHVZHUHVHOHFWHG362 
WR FUHDWH JULGGHG VXUIDFHV RI IXWXUH FOLPDWH SURMHFWLRQV GHULYHG IURP WKH363 
8.&3 ZHDWKHU JHQHUDWRU ,QWHUSRODWLRQ PHWKRGV ZHUH WKH VDPH DV WKRVH364 
XVHG IRU WKH 0,'$6 FOLPDWLF EDVHOLQH GDWDVHWV +RZHYHU IXWXUH 8.&3365 
FOLPDWH SURMHFWLRQV XVHG WKH 0HW 2IILFH¶V KLVWRULFDO - JULGGHG366 
GDWDVHWV DV D EDVHOLQH FOLPDWH 3HUU\ DQG +ROOLV  ZKLFK DUH QRW WKH367 
VDPHDVWKHDERYHFOLPDWLFEDVHOLQHJULGGHGGDWDVHWVZHSURGXFHGEDVHGRQ368 
0,'$6 UHFRUGV VLQFH LQWHUSRODWLRQ PHWKRGV DUH GLIIHUHQW 3HUU\ DQG +ROOLV369 
-HQNLQVHWDO,QRUGHUWRHQVXUHIXWXUHFOLPDWHSURMHFWLRQVZHUH370 
FRQVLVWHQW ZLWK WKH 0,'$6 FOLPDWLF EDVHOLQH GDWD ZH XVHG LQWHUSRODWHG371 
8.&3 FOLPDWH SURMHFWLRQV ZHUH WUDQVIHUUHG WR 0,'$6 FOLPDWLF EDVHOLQH372 
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JULGGHGGDWDVHWVXVLQJ(TXDWLRQ 373 
8.&3P %$6(P8.&3±%$6(X(TXDWLRQ 374 
ZKHUH8.&3P LV WKHFOLPDWHSURMHFWLRQVEDVHGRQ0,'$6FOLPDWLFEDVHOLQH375 
JULGGHGGDWDVHWV%$6(P8.&3LVWKHJULGGHGGDWDVHWVRI8.&3FOLPDWH376 
SURMHFWLRQV%$6(X0HW2IILFH¶VKLVWRULFDO-JULGGHGGDWDVHWV 377 
7KH UHVROXWLRQ RI WKH 8.&3 GDWD XVHG ZDV  NP -HQNLQV HW DO 378 
ZKLFK ZDV WRR FRDUVH WR VKRZ WKH VSDWLDO SDWWHUQ RI FOLPDWH DQG GULYH379 
VSDWLDOO\ YDULDEOH HURVLRQ DFURVV WKH 1RUWK 3HQQLQH ODQGVFDSH +HQFH WKH380 
WUDQVIHUUHG 8.&3 GDWD ZDV GRZQVFDOHG IURP  NP WR  PZKLFK ZDV381 
FRQVLGHUHGDVXIILFLHQWO\ ILQH UHVROXWLRQ WRVKRZVSDWLDOYDULDELOLW\DFURVV WKH382 
ODQGVFDSH 7KH WUDQVIHUUHG WHPSHUDWXUH JULGGHG GDWDVHWV ZHUH GRZQVFDOHG383 
ZLWK WKH DVVXPSWLRQ WKDW WHPSHUDWXUH GHFUHDVHG ZLWK HOHYDWLRQ DW WKH384 
VWDQGDUG ODSVH UDWH LH  & SHU  NP %UXQW  'RZQVFDOLQJ RI385 
WUDQVIHUUHGSUHFLSLWDWLRQ YDULDEOHV LH 3 3SGD\ DQG &9SGD\ DQG WHPSHUDWXUH386 
UDQJH LH 7UDQJH IURP  NP WR  P ZHUH FRQGXFWHG XVLQJ WKH PHWKRG387 
SURSRVHGE\&RRSHUHWDO,WZDVDVVXPHGWKDWWKHUDWLRRIHDFKP388 
VTXDUHYDOXHWRNPVTXDUHYDOXHUHPDLQHGVWDEOHIURPWKHFOLPDWLFEDVHOLQH389 
WR IXWXUH SHULRGV 5HJUHVVLRQ HTXDWLRQV UHVXOWLQJ IURP 0,'$6 FOLPDWLF390 
EDVHOLQH GDWD ZHUH DSSOLHG WR SURGXFH JULGGHG VXUIDFHV ZLWK UHVROXWLRQV RI391 
 P DQG  NP UHVSHFWLYHO\ H[FHSW IRU &9SGD\ ZKLFK ZDV LQWHUSRODWHG E\392 
,':7KHUHVXOWLQJJULGGHGVXUIDFHVZHUHWKHQHPSOR\HGWRLGHQWLI\WKHUDWLRV393 
RIPDQGNPVTXDUHYDOXHV 394 
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 395 
'XULQJGDWD WUDQVIHUDQGGRZQVFDOLQJ LWZDVQRWSRVVLEOH WR WUDQVIHU&9SGD\396 
3SGD\ DQG 3(7 GLUHFWO\ ZLWK 0HW 2IILFH FOLPDWLF EDVHOLQH YDOXHV EDVHG RQ397 
(TXDWLRQ  DV WKHVH WKUHH YDULDEOHV ZHUH QRW DYDLODEOH LQ WKH 0HW 2IILFH398 
8.&3FOLPDWLFEDVHOLQHJULGGHGGDWDVHWJenkins et al., 2009)RUEDVHOLQH399 
&9SGD\ WKHDYHUDJHYDOXHZDV WDNHQRQWKHVHOHFWHGSRLQWVGHULYHGIURP400 
PRGHOUHDOL]DWLRQVRIWKH8.&3ZHDWKHUJHQHUDWRU7KHVHYDOXHVZHUH401 
WKHQLQWHUSRODWHGLQWRDJULGGHGVXUIDFHZLWK,':&OLPDWLFEDVHOLQH3SGD\ZDV402 
FDOFXODWHGDV0HW2IILFHJULGGHGPRQWKO\SUHFLSLWDWLRQGLYLGHGE\SUHFLSLWDWLRQ403 
GD\V SHU PRQWK 3UHFLSLWDWLRQ GD\V SHU PRQWK ZDV WKH DYHUDJH RI YDOXHV404 
GHULYHG IURPPRGHO UHDOL]DWLRQVRI WKH8.&3ZHDWKHUJHQHUDWRU DQG405 
LQWHUSRODWHGLQWRDJULGGHGVXUIDFHEDVHGRQLWVUHODWLRQVKLSZLWKHOHYDWLRQDQG406 
FRRUGLQDWHV 7KH  P 3(7 ZDV GLUHFWO\ FDOFXODWHG XVLQJ WKH GRZQVFDOHG407 
WHPSHUDWXUHJULGGHGVXUIDFHPZLQGVSHHGDQGYHJHWDWLRQKHLJKWZLWK408 
WKHWHPSHUDWXUH-EDVHGPRGHOHPSOR\HGIRUWKHFOLPDWLFEDVHOLQH3(7&ODUN409 
 2XGLQ HW DO  ZLWKRXW XQGHUJRLQJ WUDQVIHU DQG GRZQVFDOLQJ410 
SURFHVVHVVHSDUDWHO\ 411 
 412 
3.2.2 Topography, soil, land use and management  413 
/RFDO UHOLHI ZDV FDOFXODWHG EDVHG RQ WKH -P '(0 GRZQORDGHG IURP414 
'LJLPDS'LJLPDS6RLOSDUDPHWHUVZHUHVHWDFFRUGLQJWR.LUNE\HWDO415 
 DQG WKH 3(6(5$ PDQXDO ,UYLQH DQG .RVPDV  7KH VRLO416 
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HURGLELOLW\ LQ3(6(5$-3($7UHIHUV WR WKHVHQVLWLYLW\RIVRLO WRHURVLYHDJHQWV417 
DIWHU ZHDWKHULQJ SURFHVVHV ZKLFK KDV EHHQ GHPRQVWUDWHG WR EH - WLPHV418 
JUHDWHU WKDQ RI LQWDFW SHDW 0XOTXHHQ HW DO  7KH HURGLELOLW\ RI LQWDFW419 
SHDW ZDV HVWLPDWHG WR EH  PP WKURXJK WKH SHGR-WUDQVIHU IXQFWLRQ420 
SUHVHQWHGLQWKH3(6(5$PDQXDO,UYLQHDQG.RVPDV/DQG-XVHW\SHV421 
)LJXUHDZHUHGHULYHGIURP/DQG&RYHU0DS/&0)XOOHUHWDO422 
. The corresponding parameters for each land-use type were set in 423 
terms of the PESERA manual (Irvine and Kosmas, 2003). 7KHGLVWULEXWLRQRI424 
GLWFKHV LQ WKH 1RUWK 3HQQLQHV ZDV SURYLGHG E\ WKH 1RUWK 3HQQLQHV $21%425 
3HDWODQG 3DUWQHUVKLS $UF*,6  ZDV HPSOR\HG WR FDOFXODWH WKH FXUUHQW426 
GUDLQDJH GHQVLW\ EDVHG RQ WKH GLVWULEXWLRQ RI GLWFKHV 0DSV SURYLGHG E\427 
1DWXUDO(QJODQGJDYHWKHH[DFWH[WHQWRIEXUQLQJDQGRYHUJUD]LQJ/RQJGHQ428 
$OODUHDVRWKHUWKDQZKHUHWKHUHZDVRYHUJUD]LQJZHUHFRQVLGHUHGWR429 
UHFHLYHOLJKWJUD]LQJ7KHFRPELQDWLRQRIFXUUHQWODQGPDQDJHPHQWSUDFWLFHV430 
LVGLVSOD\HGLQ)LJXUHE 431 
3.3 Construction of environmental scenarios 432 
7ZHOYH HQYLURQPHQWDO VFHQDULRV LQFOXGLQJ LQWHUDFWLRQV EHWZHHQ FOLPDWH433 
FKDQJHDQGODQGPDQDJHPHQWVKLIWVZHUHVHWXS7DEOH7KHFXUUHQWODQG434 
PDQDJHPHQW FRQGLWLRQV ZHUH HPSOR\HG DV WKH EDVHOLQH ODQG PDQDJHPHQW435 
VFHQDULR DQG WHUPHG %XVLQHVV-$V-8VXDO %$8 )LJXUH E ,Q WKH %$8436 
VFHQDULRDUWLILFLDOGUDLQDJHOLJKWJUD]LQJDQGRYHUJUD]LQJZHUHUHSUHVHQWHGLQ437 
3(6(5$-3($7 E\ WKH FXUUHQW DUWLILFLDO GUDLQDJH GHQVLW\  DQG 438 
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YHJHWDWLRQ UHPRYDO /LHWDOE7\SLFDOSUHVFULEHGEXUQLQJ IUHTXHQFLHV439 
IRUXSODQGHQYLURQPHQWV LQ WKH8.DUHEHWZHHQRQFHLQHYHU\DQGRQFHLQ440 
HYHU\  \HDUV +ROGHQ HW DO E ,Q WKH %$8 VFHQDULR ZH XVHGD -441 
\HDUEXUQLQJIUHTXHQF\LQWKHPRGHOWRDFFRXQWIRUWKHYHJHWDWLRQUHPRYHGE\442 
PDQDJHG EXUQLQJ /L HW DO E $ FDUERQ VWRUDJH VFHQDULR DQG D IRRG443 
VHFXULW\ VFHQDULR SUHYLRXVO\ GHVFULEHG IRU IXWXUH 8. XSODQG PDQDJHPHQW444 
5HHG HW DO  DUH UHSUHVHQWHG DV µ&DUERQ¶ DQG µ)RRG¶ LQ 7DEOH  $V445 
GLVFXVVHGLQWKHLQWURGXFWLRQWKHFDUERQVWRUDJHVFHQDULRZDVUHSUHVHQWHGE\446 
FRPSOHWHO\ UHPRYLQJ JUD]LQJ GUDLQDJH DQG SUHVFULEHG EXUQLQJ DV D SDUWLDO447 
UHZLOGLQJ SURFHVV WR VHFXUH FDUERQ VWRUDJH 7KH IRRG VHFXULW\ VFHQDULR ZH448 
PRGHOOHG XWLOLVHG PRUH LQWHQVLYH XVH RI ODQG WKDW LV DOUHDG\ XQGHU DFWLYH449 
PDQDJHPHQW )RU WKH IRRG VHFXULW\ VFHQDULR EXUQLQJ IUHTXHQF\ ZDV450 
LQFUHDVHGIURPRQFHLQ\HDUVWRRQFHLQ\HDUVLQWKHDUHDVZKHUHWKHUHLV451 
FXUUHQWO\EXUQLQJDQGGUDLQDJHGHQVLW\ZDVGRXEOHGLQWKHDUHDVZKHUHWKHUH452 
LV FXUUHQWO\ GUDLQDJH 7KH LQWHQVLW\ RI JUD]LQJ LQ FXUUHQWO\ RYHUJUD]HG DUHDV453 
ZRXOGEHXQOLNHO\WRLQFUHDVHIXUWKHUJLYHQLWVKLJKLPSDFWRQYHJHWDWLRQFRYHU454 
DQGELRPDVVEXWRWKHUDUHDV WKDWDUH FXUUHQWO\JUD]HG LH YHJHWDWLRQ455 
UHPRYDO ZHUH PRYHG WR µRYHUJUD]HG¶ LH  YHJHWDWLRQ UHPRYDO LQ WKH456 
IRRGVHFXULW\VFHQDULR 457 
3.4 Model implementation 458 
'XULQJ PRGHO LPSOHPHQWDWLRQ WKH ODQG FRYHU FDWHJRU\ µDUWLILFLDO ODQGV¶459 
FRYHULQJ OHVV WKDQ  NP RI WKH WRWDO DUHD ZDV PDVNHG RXW JLYHQ WKDW QR460 
  ? ? 
EODQNHWSHDWHURVLRQZDVFRQVLGHUHGWRRFFXULQWKHVHDUHDV7KHYHJHWDWLRQ461 
JURZWK PRGHO FDOFXODWHG WKH YHJHWDWLRQ FRYHU RQ µ*UDVVODQG RU SDVWXUH¶462 
µ6FUXE¶ DQG µ'HJUDGHG QDWXUDO ODQG¶ 9HJHWDWLRQ ELRPDVV DQG VRLO RUJDQLF463 
PDWWHUZHUHFDOFXODWHGE\WKHYHJHWDWLRQJURZWKPRGHOIRUDOO ODQG-XVHW\SHV464 
RWKHU WKDQ µ%DUHODQG¶ ZKHUH WKH\ ZHUH NHSW DV ]HUR /DQG PDQDJHPHQW465 
SUDFWLFHVZHUHFRQVLGHUHGWRRQO\RFFXURQµ3DVWXUHRUJUDVVODQG¶µ6FUXE¶DQG466 
µ'HJUDGHGQDWXUDOODQG¶ZKLFKFRYHUHGDERXWRIWKHEODQNHWSHDWODQGVLQ467 
WKH1RUWK3HQQLQHVWRLPSDFWVRLOPRLVWXUHDQGYHJHWDWLRQFRQGLWLRQV,QDUHDV468 
ZLWK PXOWLSOH PDQDJHPHQW SUDFWLFHV WRWDO YHJHWDWLRQ FRYHU DQG ELRPDVV469 
UHPRYDOZDVWKHVXPRIYHJHWDWLRQFRYHUDQGELRPDVVUHGXFHGE\VHSDUDWH470 
PDQDJHPHQWSUDFWLFHV 471 
3.5 Analysis of modelling results 472 
0RGHOOLQJ UHVXOWVZHUH FRPSDUHGZLWKRXWSXWVEDVHGRQ WKH µ%DVHOLQHB%$8¶473 
VFHQDULRLHEDVHOLQHFOLPDWHDQGFXUUHQWODQGPDQDJHPHQWWRH[DPLQHWKH474 
UHVSRQVHRIWKHEODQNHWSHDWHFRV\VWHPWRHQYLURQPHQWDOFKDQJH7KHLPSDFW475 
RI FOLPDWH FKDQJH ZDV LQYHVWLJDWHG ZLWK FOLPDWH FRQGLWLRQV IRU WKH V476 
V DQG V XQGHU WKH %$8 ODQG PDQDJHPHQW VFHQDULR %RWK &DUERQ477 
DQG)RRGVFHQDULRVZHUHDSSOLHGZLWKFOLPDWHFRQGLWLRQVDWFOLPDWLFEDVHOLQH478 
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5.1 The impacts of climate change 620 
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RIZLOGILUHVLQVXPPHUZDVDOVRGHHPHGWRLQFUHDVHLQ640 
WKH IXWXUH 0F0RUURZ HWDO $OEHUWVRQHWDO0F0RUURZ641 
:LOGILUHFDQOHDGWRDGHVWUXFWLRQRI WKHVHHGVWRFN ORVVRIYHJHWDWLRQFRYHU642 
0DOWE\DQGVXEVHTXHQWJHQHUDWLRQRIHURGLEOHSHDWVXUIDFHVZLWKUDSLG643 
FRQQHFWLYLW\ HJ JXOOLHV VKHHW HURVLRQ WR VWUHDP QHWZRUNV %RZHU 644 
6WHYHQVRQHW DO  5RWKZHOO HW DO  ,W LV WKHUHIRUH LPSOLHG WKDW WKH645 
HURVLRQ IRUHFDVWE\3(6(5$-3($7PD\EHDQXQGHUHVWLPDWHVLQFHZLOGILUH-646 
LQGXFHGHURVLRQPD\OHDGWRPRUHHQKDQFHGHURVLRQWKDQSUHGLFWHG 647 
 648 
7KHVSDWLDO SDWWHUQRIHURVLRQFKDQJHXQGHU IXWXUH FOLPDWHZDVFRPSOLFDWHG649 
EXW FDQEH LQWHUSUHWHG EDVHG RQ XQGHUO\LQJ GULYLQJ PHFKDQLVPV7KH DUHDV650 
ZKHUHWKHUHZDVDSUHGLFWHGGHFOLQHLQHURVLRQUDWHVUHWUHDWHGWRZDUGVKLJKHU651 
HOHYDWLRQV RYHU WLPHXQGHU WKH %$8 FRQGLWLRQ $WKLJKHU HOHYDWLRQV VXFK DV652 
WKHZHVWHUQSDUWRIWKH1RUWK3HQQLQHVWKHUHLVXVXDOO\PRUHSUHFLSLWDWLRQDQG653 
ORZHUWHPSHUDWXUHV)LJXUHV-ZKLFKHQFRXUDJHVIURVWDFWLRQWRGRPLQDWH654 
VHGLPHQW SURGXFWLRQ /DEDG] HW DO  &KDUPDQ  (YDQV DQG655 
:DUEXUWRQ7KHUHIRUH UHGXFHGEODQNHWSHDWHURVLRQ LVDFFRXQWHG IRU656 
E\ZHDNHQHGIURVWDFWLRQLQGXFHGE\ZDUPHUFOLPDWH7KHGHFUHDVHGHURVLRQ657 
  ? ? 
XQGHU FOLPDWH FKDQJH GHPRQVWUDWHV WKH UHVLOLHQFH RI EODQNHW SHDWODQGV WR658 
FOLPDWH FKDQJH ,W PD\ WKHUHIRUHEH WKDW WKH VKULQNDJHRIDUHDVVXLWDEOH IRU659 
DFWLYH SHDW JURZWK LQGXFHG E\ IXWXUH FOLPDWH FKDQJH &ODUN HW DO 660 
*DOOHJR-6DOD HW DO  *DOOHJR-6DOD DQG 3UHQWLFH  GRHV QRW661 
QHFHVVDULO\HQWDLOWKHORVVRISHDWWKURXJKIOXYLDOHURVLRQ$WORZHUHOHYDWLRQV662 
VXFKDVVRXWKHUQDQGQRUWKHDVWHUQSDUWVRI WKH1RUWK3HQQLQHVGHVLFFDWLRQ663 
SURFHVVHVEHFRPHPRUH LPSRUWDQWGXH WRD UHODWLYHO\ZDUPDQGGU\FOLPDWH664 
)UDQFLV&KDUPDQ(YDQVDQG:DUEXUWRQ$ZDUPHUIXWXUH665 
FOLPDWH ZRXOG HQKDQFH GHVLFFDWLRQ LQ WKHVH UHJLRQV UHVXOWLQJ LQ PRUH SHDW666 
ORVVYLDIOXYLDOSURFHVVHV6RXWKHUQDQGQRUWKHDVWHUQSDUWVRIWKHVWXG\UHJLRQ667 
DUHDOVRVXEMHFW WR ORZ ORFDO UHOLHI )LJXUHFZKLFKPHDQV WKDWZHDWKHUHG668 
SHDW SURGXFHG E\ IUHH]H-WKDZ DQG GHVLFFDWLRQ DUH PRUH OLNHO\ WR EH VWRUHG669 
UDWKHU WKDQ WUDQVSRUWHG WR ULYHU FKDQQHOV +RZHYHU D ZHWWHU FOLPDWH LQ WKH670 
VVDQGV )LJXUH WRJHWKHUZLWKKLJKHUYHJHWDWLRQ UHPRYDO671 
XQGHU LQWHQVLILHG PDQDJHPHQW FRQGLWLRQV ZHUH GHPRQVWUDWHG WR VLJQLILFDQWO\672 
HQFRXUDJHVHGLPHQWWUDQVSRUWDQGHQKDQFHVHGLPHQW\LHOGDWWKHVHORFDWLRQV673 
)LJXUHE7DEOH 674 
$W D VHDVRQDO VFDOH PHDQ VHGLPHQW \LHOG RI WKH 1RUWK 3HQQLQH EODQNHW675 
SHDWODQGV ZDV IRUHFDVW WR SHDN LQ ZLQWHU GXULQJ WKH FOLPDWLF EDVHOLQH DQG676 
V)LJXUH)RUWKHVDQGV LQFUHDVHGWHPSHUDWXUH LQZLQWHU677 
PRQWKV ZDV SUHGLFWHG WR ZHDNHQ WKH LPSDFW RI IUHH]H-WKDZ /DEDG] HW DO678 
&KDUPDQ(YDQVDQG:DUEXUWRQVRWKDWVHGLPHQW\LHOGLQ679 
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ZLQWHU ZDVSUHGLFWHG WR GHFOLQHGHVSLWHDKLJKHU WUDQVSRUW FDSDFLW\ UHVXOWLQJ680 
IURP ZHWWHU FOLPDWH )LJXUH F DQG G (OHYDWHG WHPSHUDWXUH DQG ORZHU681 
SUHFLSLWDWLRQ )LJXUH E G PD\ DJJUDYDWH GHVLFFDWLRQ LQ VXPPHU PRQWKV682 
)UDQFLV&KDUPDQ(YDQVDQG:DUEXUWRQ7KHUHIRUHPRUH683 
ZHDWKHUHGVXUIDFHSHDWLVOLNHO\WREHJHQHUDWHGZKLFKFDQEHZDVKHGDZD\684 
E\ VXEVHTXHQW VWRUPV )LJXUH E $V D UHVXOW WKH VHGLPHQW IOX[ ZDV685 
SUHGLFWHGWRSHDNGXULQJDXWXPQLQWKHVDQGV)LJXUH 686 
 687 
5.2 The impact of land management  688 
0RGHOOLQJUHVXOWVVKRZHGWKDWEODQNHWSHDWHURVLRQLQDUHDVZLWKPDQDJHPHQW689 
RSWLRQVLHDUWLILFLDOGUDLQDJHSUHVFULEHGEXUQLQJDQGJUD]LQJZHUHSUHGLFWHG690 
WRLQFUHDVHXQGHUFDUERQVWRUDJHVFHQDULRVDQGGHFUHDVHXQGHUIRRGVHFXULW\691 
VFHQDULRV)LJXUHDQG)LJXUHH-O$UWLILFLDOGUDLQDJHORZHUVWKHZDWHUWDEOH692 
PDLQO\GRZQVORSHZLWKLQEODQNHWSHDWODQGV+ROGHQHWDO693 
:DOODJH DQG +ROGHQ  DQG YHUWLFDO LQFLVLRQ FUHDWHV GLWFK VLGHV ZKLFK694 
RIWHQ UHVXOW LQPRUH EDUH SHDWDQG WKHUHDIWHU HURVLRQ +ROGHQ HWDO D695 
(YDQVDQG:DUEXUWRQ3UHVFULEHGEXUQLQJ%URZQHWDO+ROGHQ696 
 +ROGHQ HW DO E  DQG JUD]LQJ +ROGHQ HW DO E697 
+ROGHQ  0H\OHV HW DO  DUH DOVR NQRZQ WR LPSDFW SHDW VXUIDFH698 
FRQGLWLRQV HJ UHPRYDO RI YHJHWDWLRQ DQG VRLO SURSHUWLHV HJ LQILOWUDWLRQ699 
UDWH ,Q 3(6(5$-3($7 DOO PDQDJHPHQW RSWLRQV DUH OLQNHG WR FKDQJHV LQ700 
YHJHWDWLRQ FRYHU DQG ELRPDVV ZKLOH WKH LPSDFW RI DUWLILFLDO GUDLQDJH RQ VRLO701 
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PRLVWXUH FRQGLWLRQ LVDOVR DFFRXQWHG IRUXVLQJ HPSLULFDO GDWD DYDLODEOH IURP702 
WKH OLWHUDWXUH /L HW DO E +HQFH WKH FDUERQ VWRUDJH VFHQDULR ZDV703 
DVVRFLDWHG ZLWK D GHFOLQH LQ ILQDO VHGLPHQW \LHOG ZKLOH WKH IRRG VHFXULW\704 
VFHQDULRZDVDVVRFLDWHGZLWKLQFUHDVHGILQDOVHGLPHQW\LHOG 705 
 706 
3)6UHVSRQGHGWRVKLIWV LQ ODQGPDQDJHPHQW LQ WKHRSSRVLWHZD\WRHURVLRQ707 
)LJXUHDQG)LJXUHEHFDXVHDVELRPDVVLQFUHDVHVHURVLRQGHFOLQHVEXW708 
WKH IXHO ORDG LQFUHDVHV 0F0RUURZ HW DO  :RUUDOO HW DO 709 
0F0RUURZ(VWHYHVHWDO,QWHQVLILHGODQGPDQDJHPHQWLHIRRG710 
VHFXULW\VFHQDULRVUHVXOWV LQUHGXFHGYHJHWDWLRQELRPDVVDQGWKHUHIRUHIXHO711 
ORDG EXW FUHDWHV PRUH EDUH DUHDV ZKLFK OHDG WR LQFUHDVHG SHDW HURVLRQ712 
)XUWKHUZRUNLVWKHUHIRUHUHTXLUHGWRXQGHUVWDQGWKHLQWHUDFWLRQVEHWZHHQODQG713 
PDQDJHPHQW DQG ZLOGILUH ILUH SUREDELOLW\ DQG VHYHULW\ DQG WKHLU LQWHUDFWLQJ714 
HIIHFWVRQEODQNHWSHDWHURVLRQ 715 
 716 
5.3 Interactions of climate and management shifts and their implications for peatland 717 
management 718 
0RGHOOLQJ UHVXOWV VKRZHG WKDW PDQDJHPHQW VKLIWV HPSOR\HG LQ WKLV SDSHU719 
ZHUHOLNHO\WREHPRUHLQIOXHQWLDOWKDQVW&HQWXU\FOLPDWHFKDQJHLQDOWHULQJ720 
ERWKWKHUDWHVDQGWKHVSDWLDOSDWWHUQRIEODQNHWSHDWHURVLRQDQG3)6DFURVV721 
WKH1RUWK3HQQLQHV)LJXUHVDQG7DEOHVDQG ,W LVDFNQRZOHGJHG722 
WKDW RXU VWXG\ RQO\ H[DPLQHG WZR RSSRVLQJ SUHVFULEHG ODQG PDQDJHPHQW723 
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FKDQJHV LQ FRPSDULVRQ WR D %$8 VFHQDULR DQG WKHUH DUH PDQ\ RWKHU ODQG724 
PDQDJHPHQWSRVVLELOLWLHVLQEHWZHHQ+RZHYHURXUPRGHOOLQJUHVXOWVVWURQJO\725 
VXJJHVW WKDW FDUHIXO ODQG PDQDJHPHQW FRXOG EH D NH\ IDFWRU LQ UHGXFLQJ726 
EODQNHW SHDW HURVLRQ ULVN DQG WKDW SDUWLFXODU W\SHV RI PDQDJHPHQW FKDQJH727 
FRXOGODUJHO\PLWLJDWHWKHHIIHFWVRIFOLPDWHFKDQJHRQIOXYLDOSHDWHURVLRQDQG728 
3)6LQWKHVW&HQWXU\IRUWKH1RUWK3HQQLQHV7KLVDVVHUWLRQLVVXSSRUWHGE\729 
HPSLULFDO VWXGLHV WKDW KDYH VKRZQ WKH LPSRUWDQFH RI EORFNLQJ GLWFKHV DQG730 
LQFUHDVHG YHJHWDWLRQ FRYHU LQ UHGXFLQJ EODQNHW SHDW HURVLRQ HJ +ROGHQ731 
E (YDQV HW DO  *UD\VRQ HW DO  3DUU\ HW DO 732 
6KXWWOHZRUWKHWDO%URZQHWDO 733 
 734 
7KHSUHGLFWHGVSDWLDOSDWWHUQRIIOXYLDOHURVLRQFKDQJHIRUWKH1RUWK3HQQLQHV735 
EODQNHW SHDWODQGV ZDV TXDQWLWDWLYHO\ DVVHVVHG )LJXUH E-O 7KLV SURYLGHV736 
ODQGPDQDJHUVZLWKDVSDWLDOO\-GLVWULEXWHGLQGLFDWRURISRWHQWLDOHURVLRQULVNRU737 
HURVLRQ PLWLJDWLRQ SRWHQWLDO WKURXJK PDQDJHPHQW GHFLVLRQV 3)6738 
DVVHVVPHQWVDUHDOVRKHOSIXOZKHQHYDOXDWLQJWKHSRWHQWLDOLPSDFWRIZLOGILUHV739 
HQKDQFHGE\PDQDJHPHQWVWUDWHJLHV:RUUDOOHWDO0F0RUURZ740 
8VLQJ 3(6(5$-3($7 RXWSXWV ODQG PDQDJHUV ZLOO EH DEOH WR GHYHORS741 
VSDWLDOO\-WDUJHWHG SHDWODQG FRQVHUYDWLRQ DQG SURWHFWLRQ VWUDWHJLHV HQDEOLQJ742 
OLPLWHG IXQGVDQG UHVRXUFHV WREHSUHIHUHQWLDOO\DOORFDWHG WR ORFDWLRQVZKHUH743 
PDQDJHPHQW LQWHUYHQWLRQV PLJKW KDYH WKH JUHDWHVW LPSDFW XQGHU IXWXUH744 
FOLPDWH FKDQJH 6XFK D VSDWLDOO\-WDUJHWHG VWUDWHJ\ ZLOO DOVR UHGXFH LPSDFWV745 
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DVVRFLDWHGZLWKSHDWHURVLRQLQFOXGLQJKHDY\PHWDOSROOXWLRQ5RWKZHOOHWDO746 
  GLVWXUEHG ULYHU HFRORJ\ 5DPFKXQGHU HW DO  DQG ORVV RI747 
FDUERQ(YDQVHWDO*UD\VRQHWDO3DZVRQHWDO 748 
5.4 Implications for future work 749 
2XUZRUNVKRZHGKRZDVSDWLDOO\GLVWULEXWHGHURVLRQPRGHOFDQEHDSSOLHGWR750 
ODUJHVWXG\UHJLRQVLQWKHFRQWH[WRIFOLPDWHFKDQJH)XWXUHZRUNFRXOGWHVWD751 
QXPEHURIGLIIHUHQWVSDWLDOFRQILJXUDWLRQVRIPDQDJHPHQWFKDQJHRUGLIIHUHQW752 
W\SHVRIPDQDJHPHQW LQWHUYHQWLRQVVR WKDWQHZHURVLRQPLWLJDWLRQVWUDWHJLHV753 
FDQEHGHYHORSHG7KHPRGHOZLOODOVREHDEOHWRLQFRUSRUDWHIXWXUHDGYDQFHV754 
LQ SURFHVV XQGHUVWDQGLQJ RI WKH LQIOXHQFH RI PDQDJHPHQW SUDFWLFHV RQ755 
SHDWODQG SURFHVVHV HJ LI SUHVFULEHG EXUQLQJ LV VKRZQ WR LPSDFW SHDWODQG756 
ZDWHUWDEOHVDVZHOODVYHJHWDWLRQFRYHU+ROGHQHWDO:RUUDOOHW757 
DOLPSURYLQJLWVFDSDELOLW\LQSUHGLFWLQJWKHSRWHQWLDOFRQVHTXHQFHVRI758 
SROLFLHV 759 
 760 
5.5 Limitations of climate projections and modelling approaches 761 
&OLPDWHVFHQDULRVLQWKLVVWXG\ZHUHHVWDEOLVKHGEDVHGRQFHQWUDOHVWLPDWHVRI762 
8.&3 SURMHFWLRQV ZKLFK LQHYLWDEO\ UHGXFHG WKH YDULDELOLW\ RI FOLPDWH763 
YDULDEOHVJLYHQWKH\RQO\FRYHURQHSRVVLELOLW\SUREDELOLW\OHYHORIIXWXUH764 
FOLPDWH FRQGLWLRQV 7KHUHIRUH FOLPDWH FKDQJH GHULYHG IURP RWKHU SRVVLEOH765 
IXWXUHFOLPDWHSURMHFWLRQV VXFKDV ,3&&$5 &KULVWHQVHQHWDODOVR766 
QHHGVWREHDVVHVVHGLQWKHIXWXUH$VFOLPDWHFKDQJHLVOLNHO\WREHGLIIHUHQW767 
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DFURVV WKH8. -HQNLQVHW DO DQG WKHFXUUHQW FOLPDWHFRQGLWLRQVDUH768 
QRW WKHVDPHDFURVVDOO8.EODQNHWSHDWODQGV WKH UHVSRQVHRIEODQNHWSHDW769 
HURVLRQWRFOLPDWHFKDQJHPD\YDU\DFURVVWKH8./LHWDODDVZHOODV770 
DFURVV RWKHU JOREDO EODQNHW SHDWODQG UHJLRQV )XUWKHU ZRUN LV WKHUHIRUH771 
UHTXLUHG WRH[DPLQH WKH UHVSRQVHRIEODQNHWSHDWHURVLRQ WRFOLPDWHFKDQJH772 
DQGODQGPDQDJHPHQWVKLIWVDWDQDWLRQDODQGLQWHUQDWLRQDOVFDOH 773 
 774 
3(6(5$-3($7ZDVGHYHORSHGEDVHGRQILHOGGDWDFROOHFWHGIURPFDWFKPHQW775 
RXWOHWV LPSO\LQJ WKDW WKH HURVLRQ HVWLPDWHG E\ 3(6(5$-3($7 LV OXPSHG776 
KLOOVORSHDQGFKDQQHOHURVLRQWKHUHE\ LQKHUHQWO\ LQFRUSRUDWLQJ IHDWXUHVVXFK777 
DVJXOOLHV7KLVZDVDFRPSURPLVHEHFDXVHRID ODFNRI ORQJ-WHUPKLOOVORSH778 
HURVLRQ UHFRUGV LQ EODQNHW SHDWODQGV DQG IRUPV D OLPLWDWLRQ RI WKH PRGHO779 
+RZHYHU WKH VXLWDELOLW\ RI VXFK D VLPSOLILFDWLRQ LV VXSSRUWHG E\ SUHYLRXV780 
HURVLRQVWXGLHVRQKLOOVORSHSURFHVVHVLQEODQNHWSHDWODQGVDQGVWUHDPEDQN781 
SURFHVVHV LQ RWKHU VRLO V\VWHPV HJ (YDQV DQG:DUEXUWRQ:\QQ HW782 
DO  :LQG HURVLRQ ZKLFK PD\ EH LPSRUWDQW DW VRPH EODQNHW SHDW-783 
FRYHUHG ORFDWLRQV :DUEXUWRQ  )RXOGV DQG :DUEXUWRQ D E LV784 
FXUUHQWO\ QRW DFFRXQWHG IRU LQ 3(6(5$-3($7 7KH LQFRUSRUDWLRQ RI PRUH785 
HURVLRQSURFHVVHVLQWR3(6(5$-3($7LVWKXVGHVLUDEOHLQWKHIXWXUH 786 
 787 
7KHUHZDVDODFNRIDVXIILFLHQWO\ILQH-UHVROXWLRQ'(0DFURVVWKHVWXG\UHJLRQ788 
WRVXSSRUWDXWRPDWHGPDSSLQJRIJXOOLHVXVLQJPHWKRGVGHYHORSHGLQSUHYLRXV789 
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VWXGLHV VXFK DV (YDQV DQG /LQGVD\  *XOOLHV ZKLFK FDQ EH790 
SDUDPHWHUL]HG LQ 3(6(5$-3($7 XVLQJ WKH µGLWFK OHYHO¶ IXQFWLRQ EXW ZLWK791 
GHHSHU DQG ZLGHU YDOXHV ZHUH QRW VHSDUDWHO\ FRQVLGHUHG LQ WKH PRGHOOLQJ792 
ZRUN KHUH ,W PD\ EH WKDW WKH HURVLRQ HVWLPDWHV SURYLGHG LQ WKLV SDSHU DUH793 
XQGHUHVWLPDWHV IRU DUHDV RI VHYHUH JXOO\LQJ +RZHYHU 3(6(5$-3($7 LV794 
FDSDEOHRIGLUHFWO\FRQVLGHULQJJXOOLHVDQGVRVSDWLDOO\GLVWULEXWHGEODQNHWSHDW795 
HURVLRQPRGHOOLQJ WKDW LQFRUSRUDWHVJXOO\ ODQGIRUPV FDQEHFRQGXFWHG LQ WKH796 
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